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ABSTRACT 
 
The purpose of this study was to gather and analyze data on the academic achievement of 
students in inclusive seventh grade science classrooms, focusing on comparative data between 
typically achieving students and students with disabilities (SWD). It sought to answer the 
question, “are SWD achieving at an equivalent rate in science when compared to their typically 
achieving peers?” Secondary data on grades was collected and analyzed. The study found that 
typically achieving students were significantly more likely to meet achievement standards than 
SWD. However, the data also revealed an issue with disproportionality within special education 
and revealed significant differences in achievement between students of color and White students 
regardless of disability status. The inclusionary movement in special education is discussed, as 
well as issues with disproportionality, institutionalized racism within school systems, 
implications for practice, and the need for further research into inclusive settings and their 
impact on student achievement. 
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CHAPTER 1: INTRODUCTION 
 Before the passage of the Individuals with Disabilities Education Act (IDEA), almost half 
of nearly four million American students with disabilities were not being educated in public 
schools (Losen & Orfield, 2005). Since its passage, students with disabilities have been assured a 
Free and Appropriate Public Education (FAPE) and in the 2017-2019 school year, nearly seven 
million students with disabilities (SWD) received special education services under IDEA 
(National Center for Education, 2019). 
Although SWD are assured an appropriate education, there have been shifts in thinking as 
to where this education should take place. According to the U.S. Department of Education’s 
2018 Annual Report to Congress, 63.1% of students aged 6-21 who received special education 
services were educated for at least 80% of the school day in the general education setting. The 
practice of educating students with disabilities in the general education setting is often referred to 
as creating inclusive classrooms (Vaughn & Bos, 2015). Until recently, students with disabilities 
were largely served in classrooms that contained only other students with disabilities. In fact, in 
2004 only 49% of students with learning and/or emotional disabilities were educated for 80% or 
more of the day with their typically achieving peers. (Vaughn & Bos, 2015; U.S. Department of 
Education, 2018).  
This shift in educational placement from homogenous classrooms to inclusive classrooms 
is largely due to a shift in ideology, and thus in practice, regarding students with disabilities: they 
are no longer seen as a population that should be grouped homogenously. Rather, this population 
is seen as being best served in the same classroom as their typically achieving peers. This has led 
to an increase in SWD being served in inclusive classrooms for all content areas, including 
science and social studies. 
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 Although U.S. Department of Education data on inclusion suggests that this is a relatively 
new trend for schools in practice, the ideology surrounding inclusion has been around for 
decades. In fact, the idea of Least Restrictive Environment (LRE) has been in government 
documents regarding students with disabilities since 1997, while the idea of offering appropriate 
education for all students goes back to Public Law 94-142 in 1975 (Vaughn & Bos, 2015; 
Osgood, 2005). As the authors of Rethinking Disabilities: A Disability Studies Approach to 
Inclusive Practices, Jan Valle and David Conner write that P.L. 94-142 was an “example of 
legislative policy preceding attitudinal shifts” and “generated fear, anger, and anxiety among 
public school stakeholders” (Valle & Conner, 2011, p. 8).  
For years, many schools would do the bare minimum to purposefully include students 
with disabilities, what Valle refers to as “separation within integration” (Valle & Conner, 2011, 
p. 8). Although schools could argue that they were following inclusionary legislation, they were 
far from the inclusive classrooms that are being created presently. This delay in attitudinal shift 
helps explain that while inclusion has been in legislative policy for a few decades, it is still fairly 
recent that schools and educational stakeholders have begun to embrace the ideological shifts 
required for inclusive classrooms to function as intended.  
In addition to the concept of inclusionary education for SWD, many researchers and 
advocates have been discussing the occurrence of disproportionality within special education. 
Disproportionality in special education occurs when students of a particular race or ethnic group 
are over or underrepresented within special education; it is a problem that schools and 
communities have been dealing with since the inception of IDEA (Losen & Orfield, 2005). 
Students of color are more often misclassified within special education, leading them to 
experience “inadequate services, low-quality curriculum and instruction, and unnecessary 
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isolation from their nondisabled peers” (Losen & Orfield, 2005, p. vx). The discussion of proper 
educational placements for SWD requires that the phenomenon of disproportionality be 
discussed in addition to inclusionary education. 
Definitions 
For the purpose of this study, general education refers to classes that are led by a general 
education teacher, like a science teacher. Inclusive classrooms are general education classrooms 
that contain a mixture of typically achieving peers and students with disabilities and are taught 
by general education teachers. For this study, co-taught classes (classes taught by both a special 
education and general education teacher) are not included, as no such classes were being taught 
at the middle school level pertaining to this study. Students with disabilities (SWD) refers to 
students who are currently receiving special education services through an IEP (see Note 1), 
while typically achieving students is the nomer given to students who are not receiving special 
education services.   
Students of color is the category given to students who fall under the demographic 
categories of AAPI (Asian American and Pacific Islanders), Black/AA (African American), 
Native American/Indigenous, Latinx and More than One Race. This broad category was chosen 
due to the low incidence of several of these demographic groups in the sample and to protect the 
anonymity of the students involved in the study; it is explained in more detail in Chapter 3.  
Academic achievement refers to a student’s grades and/or knowledge in a subject area 
based on their grade level. The success criteria for academic achievement in this study is based 
on the state’s common core standards, and grade level expectations of knowledge was used to 
determine whether students were considered to have met standards in academic achievement.  
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Academic Achievement of Students with Disabilities 
 The National Assessment of Educational Progress (NAEP) is an assessment that 
measures what students across the United States know and can do across various content levels 
and is given nationwide in grades 4, 8 and 12 (National Assessment of Educational Progress, 
2018). Looking at current achievement of students on this assessment can give a baseline of 
knowledge of the current status of academic achievement discrepancies in content areas like 
science between typical learners and SWD (see Table 1). NAEP has determined that the scores 
for SWD on their assessments are statistically significant from the scores of their typically 
achieving peers in the areas of science, reading, and math (2015 Science Assessment, 2015; 2019 
Reading Assessment, 2019; 2019 Mathematics Assessment, 2019). 
Table 1.  
Students considered proficient or higher on the NAEP (grade 8) 
Content Area  Disability Category  % of Students Proficient or Higher 
Science  Typically Achieving Peers   37% 
   SWD      8% 
Reading   Typically Achieving Peers   37% 
   SWD      7% 
Mathematics  Typically Achieving Peers   37% 
   SWD      6%  
(2015 Science Assessment, 2015) (2019 Reading Assessment, 2019) (2019 Mathematics 
Assessment, 2019) Note: 2015 was the most recent data available for the science portion of 
NAEP 
 
Currently, there is little definitive research on the academic achievement of SWD who 
are placed in inclusive classrooms. One meta-analysis of over 1,300 published studies on 
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inclusive classrooms in general found that only 1% of the examined studies investigated 
comparative academic achievement outcomes between SWD and their typically achieving peers 
(Lindsay, 2007). This comparative research has produced mixed results with some studies 
finding improvements in achievement (Mills, Cole, Jenkins, & Dale, 1998; Rea, McLaughlan, & 
Walther-Thomas, 2002; Myklebust, 2002) while others found little difference between the two 
groups (Mills, et al., 1998; Karsten, et al., 2001; Vaughn, Elbaum, & Boardman, 2001). By 
exploring student achievement in inclusive general education classrooms, school buildings and 
districts can begin making more research-based decisions regarding student placements, teacher 
training, and curriculum design. 
 Some people may believe that because students have a disability, that it is then expected 
that these students will score lower and perform worse than their typically achieving peers in 
classes. However, the idea of LRE and inclusion is rooted in the idea that students with 
disabilities will achieve more and better in inclusionary settings than in restrictive settings (like 
special education classrooms). Teachers of inclusive classrooms are to provide accommodations 
for SWD that account for potential barriers to success due to their disabilities (Vaughn & Bos, 
2015). For example, a student with Dyslexia (a common learning disability affecting reading 
performance) might be given an audio version of the class textbook, thus mitigating the impact 
of the student’s learning ability on their ability to learn the scientific content.  
 Also worth discussing at this point are the various disability categories that SWD fall 
under in regards to eligibility for special education under IDEA. Currently, students must fall 
under at least one of 13 different disability categories to qualify for services (IDEA, 2004). 
These categories range from physical/medical disabilities (i.e., visual and hearing impairment, 
traumatic brain injury, orthopedic impairment) to disability categories that require individual 
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team determinations/judgements (i.e., specific learning disability, emotional disturbance). The 
vast majority of SWD qualify for services under the categories of Specific Learning Disability 
(34%) and Speech or Language Impairment (19%), making up 53% of the student population in 
special education (National Center for Education, 2019). The disability category of Specific 
Learning Disability (SLD) is contingent on a student’s performance deficit in a qualifying area 
(mathematics, reading, or writing) is not contingent upon factors like lacking appropriate 
instruction or intelligence/brain development (IDEA, 2004). Simply put, the presence of a 
learning disability should not equate to a generalized learning problem across all disciplines and 
is not due to lower cognitive functioning or IQ. 
Having a learning disability in reading, math, or writing does not mean the student will 
struggle with general academics. For example, specific learning disabilities in the area of 
reading, like Dyslexia, make up more than 80% of the diagnoses for students with learning 
disabilities (Kamhi & Catts, 2014). Brain imaging scans have found differences between typical 
readers and people with Dyslexia in key areas of the brain related to reading (Kamhi & Catts, 
2014). However, these differences are not thought to contribute to overall IQ or cognitive ability, 
with many people diagnosed with Dyslexia maintaining average to high IQ scores (Kamhi & 
Catts, 2014). If students’ learning disabilities are accounted for in classroom instruction and 
management, the majority of students receiving special education services should be able to 
achieve at a comparable level to their peers. 
Since many students with disabilities may have IQs that are similar to their typically 
achieving peers, and these students make up more than 80% of the students who receive special 
education services, it follows that it is a reasonable expectation that most SWD should be able to 
achieve grade level expectations in inclusive science classrooms. If students are adequately 
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accommodated within inclusive classrooms for their disabilities, they should be able to achieve 
at a similar rate as their peers in content classes like science and social studies. 
Research Purpose and Questions 
 The purpose of this study was to gather and analyze data on the academic achievement of 
students in inclusive science classrooms. Specifically, the goal was to compare the achievement 
levels of 7th grade SWD and their typically achieving peers in an urban Midwest science 
classroom. The broad research question was “are students with disabilities achieving in science 
at an equivalent rate when compared to their typically achieving peers?” To answer this question, 
the following research questions were addressed:  
 1. What are all students scoring on science standards in inclusive science classrooms? 
 2. What percentage of students (SWD and typically achieving peers) who are placed in 
inclusive classrooms are scoring at the grade level expectation (a score of 3 or higher)? 
 3. Are there statistically significant differences in scores between SWD and their 
typically achieving peers in inclusive science classrooms? 
 After analyzing the original research questions above, two more research questions were 
added and analyzed: 
 4. Are there statistically significant differences in scores between general education 
students of color and White students? 
 5. Regarding SWD, are there statistically significant differences in scores between 
students of color and White students? 
Importance of the Study 
 The results of this study provide more evidence on how students with disabilities are 
faring in inclusive science classrooms. The hypothesis was that the scores of SWD would not be 
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significantly different on graded science standards in inclusive science classrooms than the 
scores of their typically achieving peers. Because there is little research on the achievement level 
of students with disabilities in science, this data provides information about the current 
effectiveness of the practice of creating inclusive classrooms. The data gathered in this study 
helps lay a foundation of research into the area of achievement for SWD in general education 
classrooms, and also points researchers toward possible problems or successes to investigate 
within these inclusionary classrooms and may help schools make effective placement decisions 
for students.  
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CHAPTER 2: LITERATURE REVIEW 
Inclusive Classrooms 
 The practice of creating inclusive classrooms has become more popular since the 
reauthorization of the Individuals with Disabilities Education Act in 2004 (IDEA 2004). Prior to 
IDEA 2004, many schools practiced some form of inclusion; however, this law reinforced the 
practice by adding federal mandates. Specifically, IDEA states that “To the maximum extent 
appropriate, children with disabilities, including children in public or private institutions or other 
care facilities, are educated with children who are nondisabled” (IDEA 2004, Sec. 300.114).  In 
this state, many school districts have interpreted this phrasing to mean that students with 
disabilities must first be considered for instruction in the general education classroom before 
they can be moved to a more separate placement (State Department of Education, 2018). IDEA 
2004 states that schools must provide a continuum of placements, which includes “instruction in 
regular classes, special classes, special schools, home instruction, and instruction in hospitals and 
institutions” (Sec. 300.39). In this state, the placement alternatives to “instruction in regular 
classes” (inclusive classrooms) are sometimes referred to as pull out, resource, or self-contained 
classrooms, and only include SWD (State Department of Education, 2018). 
  When research began to explore inclusionary academic classroom practices in the early 
1990s, research focused on the impact that students with disabilities had on their typically 
achieving peers and the instructional integrity of the classes. For example, Hollowood, Salisbury, 
Rainforth, and Palombaro (1994) examined inclusive classrooms with general education 
classrooms to determine if instructional time and time students spent engaged in instruction 
differed. They found that comparable time was spent on instruction and engagement, leading 
them to conclude that including SWD did not inhibit teachers from providing the same amount 
of instruction to all students (Hollowood, et. al, 1994). That same year, Hunt, Farron-Davis, 
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Beckstead, Curtis, and Goetz (1994) found that increased peer interaction between students with 
disabilities and typically achieving peers had no effect on the academic achievement of typically 
developing peers. Academic achievement results for SWD were not reported.  
 Although aspects of inclusion have been researched, few of the research studies done on 
inclusion were comparative in nature. In one meta-analysis of over 3,000 global research studies 
on inclusive classroom practices, only 1% of the included studies were comparative (Lindsay, 
2007). Multiple studies (Karsten et al, 2001; Myklebust, 2002) were performed in other countries 
that had different educational systems than those in the United States. For example, Karsten et al. 
researched comparisons between special education placements and “mainstream” placements on 
student achievement scores. However, they compared the achievement of SWD who attended a 
special school placement with only other SWD to students in a typical public school who were 
deemed at-risk due to low scores (Karsten et al., 2001). The need for empirical comparative data 
for SWD and typically achieving students cannot be ignored. 
 Comparative research studies on academic achievement have shown mixed results. Some 
have found students with mild learning disabilities or physical disabilities showed improvement 
in achievement when placed in inclusive classrooms (Mills et al., 1998; Myklebust, 2002; Rea et 
al., 2002). In a study by Myklebust (2002), students with disabilities in inclusive classrooms 
showed 30% more academic progress over three years than those in separated classes. Rea et al. 
(2002) found that SWD in inclusive classrooms not only earned higher grades and scored better 
on standardized tests, but their attendance also improved. 
 However, other studies found no significant improvement in student achievement in 
inclusive classrooms (Mills et al., 1998; Karsten et al., 2001; Vaughn et al, 2001). In 1998, Mills, 
et al. found that inclusive classrooms improved academic achievement for higher performing 
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students with disabilities, but that lower performing students benefitted more from separated 
placements. Another study of over 400 Dutch students by Karsten et al. (2001) found no 
significant improvement in academic achievement or psychosocial development between 
inclusive and separated settings.  
Teacher Impact in Inclusive Classrooms 
 Inclusive classes are taught by general education? teachers. As such, research on the 
effectiveness of teachers on student achievement should be discussed. Goddard, Hoy, and Hoy 
(2000) assessed whether teacher efficacy (the idea that faculty can have a viable impact on 
student outcomes) was related to student achievement. Their study of over 70 teachers in the 
Midwest found a positive correlation between a teacher’s self-assessment of efficacy and student 
achievement levels (Goddard et al., 2000). The researchers in this study discussed that the 
connection between a teacher’s efficacy and their ability to directly impact student learning 
overcame potentially negative influences upon student education, like socioeconomic status or 
low parent involvement. This implies that it is important that teachers of students with 
disabilities believe that they are capable of making a difference in their students’ educations and 
achievement levels (Goddard et al., 2000). 
 Another aspect to take into consideration when discussing teacher impact in inclusive 
classrooms is the ability of content teachers to adequately adapt their instruction to the needs of 
SWD. Although they explored the instructional needs of teachers instructing English language 
learners (ELL), parallels can be drawn between Dellicarpini and Alonso’s (2014) research results 
and those found by Brusca-Vega, Alexander, and Kamin (2014). Both studies examined the 
effect that additional systematic support had on science teacher instruction. According to 
Dellicarpini and Alonso (2014) when provided with specific coursework on the inclusion of 
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ELLs in secondary content classrooms, science teachers were able to increase their working 
knowledge of how to accommodate instruction for ELL students. Brusca-Vega et al. (2014) 
found that, when professional development and joint planning time with special education 
teachers was provided, science teachers were able to identify a greater variety of instructional 
adjustments they could make in their classrooms to meet student needs than prior to the study.  
Both studies indicated that when given planned, systematic support from others like special 
education teachers, science teachers can learn and change instruction to meet the academic needs 
of students with disabilities. 
Science Achievement 
 “Through science education, children come to understand the world in which they live 
and learn to apply scientific principles in many facets of their lives” (U.S. Department of 
Education, 2014). This sentiment helps to mark a change in science curriculum that has evolved 
over the last few decades. “Knowing science” used to be perceived as one’s possession of 
declarative scientific knowledge, but has morphed into a curricula based heavily on being able to 
use “inferential chains of logic” along with analysis of data to reach conclusions (National 
Research Council, 2005). To be successful in modern science classes, students must have a solid 
foundation of content knowledge, as well as substantial experience in scientific methods in order 
to engage meaningfully within the curriculum (Brigham, Scruggs, & Mastropieri, 2011). 
 Employment in science, technology, engineering, and mathematics-based careers has a 
projected growth of 9 million jobs between the years 2012 and 2022 (Vilorio, 2014). With 
increased demands globally for a competent scientific and technology-based workforce, the 
United States has prioritized science education and scientific proficiency within its schools (U.S. 
Department of Education, 2014).  
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Not only is it important to have a scientifically competent workforce, but limited 
proficiency in science can limit a person’s ability to be active citizens within their communities. 
The National Academy of Sciences hypothesized that children with low levels of achievement in 
science would likely have a difficult time understanding public policy around issues that require 
scientific background knowledge and reasoning, like global warming, disease control, or genetic 
engineering (National Academy of Sciences, 2010). This limited understanding could impact 
their ability to make informed political decisions and be actively involved citizens. 
 However important science education is, current studies indicate that our school systems 
are not adequately educating all students in science (U.S. Department of Education, 2014). 
According to the most recent NAEP data in science, only 22% of high school seniors scored at a 
proficient level (2015 Science Assessment, 2015). On this same measure, it becomes clear there 
is a national discrepancy issue in science achievement in regards to student race/ethnicity, with 
29% of White students scoring proficient in science, while only 6% of Black/African American 
students and 9% of Hispanic/Latinx students score as such. Current science education appears to 
be most successful for Asian students, with these students earning the highest percentage of 
proficiency at 39% (2015 Science Assessment, 2015). 
 Not only are students not reaching a level of proficiency in science, but students’ abilities 
to apply knowledge to real-life situations is extremely lacking. Fleischman, Hopstock, Pelczar, 
and Shelley (2010) examined American student results on the 2009 Program for International 
Student Assessment (PISA). They found that over 70% of American students could not apply 
scientific knowledge to real-life situations, or to other content areas (Fleischman et al., 2010).  
Given that one of the goals of science education in the United States is to develop a scientific and 
technological workforce, this lack of transferability of scientific knowledge is concerning.  
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Students with Disabilities Achievement in Science 
 Not only are comparative studies of inclusive classrooms lacking, but studies exploring 
SWD’s achievement in general education are limited in number and scope. Recent research on 
student achievement in secondary science classrooms (Odom & Bell 2013) focused on typically 
achieving students. Other recent studies about inclusive science classrooms have focused on 
teacher instruction and personal viewpoints, rather than academic achievement of students 
(DelliCarpini & Alonso, 2014; Brusca-Vega, et al. 2014).  
Because the current study will focus on student achievement as measured by graded class 
work, an understanding of science proficiency on standardized tests can serve as a litmus test for 
overall student achievement.  In 2017, the state’s Department of Education released Iowa 
Assessment student science achievement data. According to this data, 47.9% of 8th grade 
students with disabilities in the state tested as proficient in science on the Iowa Assessments, 
while their typically achieving peers were 88.1% proficient (State Department of Education, 
2017).  The numbers were worse on the 2015 NAEP science assessment, with only 35% of 
typically achieving students scoring as proficient in science and 8% of SWD scoring as such 
(2015 Science Assessment, 2015). 
 The studies that have been done on the topic of science achievement for students with 
disabilities have found a significant lack of understanding in key scientific concepts. The 2009 
National Assessment of Educational Progress (NAEP) found that 50% of 4th grade SWD scored 
below a Basic level. “The Basic level denotes partial mastery of the knowledge and skills 
fundamental for proficient work at each grade” (p. 1). This trend, they discovered, worsened as 
the students got older. At 8th grade, 67% of SWD scored below Basic. They found that by 12th 
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grade, 75% of SWD fell below the minimum standards in science, compared to only 38% for 
their typical peers (U.S. Department of Education, 2009). 
 Issues surrounding student achievement in science is not just limited to K-12 education. 
A study by Horn and Neville (2006) found that roughly 11% of students in undergraduate 
programs in the United States had disabilities. Analyzing this percentage with census 
information from 2006 that indicates that 17.1 million students were enrolled in undergraduate 
studies (Davis & Bauman, 2008), and combing that information with the findings that 75% of 
students with disabilities fell below minimum standards in science (U.S. Department of 
Education, 2009), nearly 1.89 million undergraduate students may have started college without 
meeting minimum science standards in that year. These students would be at an immediate 
disadvantage for success in scientific careers or fields of study, potentially limiting the post-
secondary opportunities for SWD.  
 With the increased demand for evidence-based educational practices, it is pivotal that 
researchers investigate current educational practices in schools. Although inclusion has been 
researched, there is a desperate need for comparative studies, as well as a need for data on the 
current achievement of SWD in general education classrooms.  
Disproportionality in Special Education 
 Along with inclusion, disproportionality in special education (the over and 
underrepresentation of certain groups of students in special education) has been a pervasive and 
significant problem since the late 1960s (National Research Center [NRC], 2002). The issue was 
a concern regarding the 1975 passage of the Education for All Handicapped Children Act (EHC), 
with advocates and policy makers voicing concerns over increased identification of students of 
color and the impact of this on educational opportunities for these students (see Figure 1). 
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According to several studies, students who are affected by disproportionality in special education 
are less likely to receive as rigorous of instruction as their peers, which can lead to these students 
being less likely to gain admittance to college (Fierros & Conroy, 2002; Harry & Klingner, 
2006).  
Currently, there are disproportionality concerns with overrepresentation for students who 
identify as Black/African American, Pacific Islander, American Indian/Alaska Native, and Two 
or More Races, while underrepresentation is a concern for Hispanic/Latinx, Asian, and White 
demographics. Most alarming is the data on American Indian/Alaska Native populations, whom 
make up 18% of the nation’s special education population, yet only 1% of the general school 
population (National Center for Education, 2019; U.S. Bureau of the Census, 2016). 
Figure 1. Percentage of students ages 3–21 in 2017-18 served under IDEA by race/ethnicity 
(National Center for Education, 2019) 
 
Figure 1. Percentage of students ages 3–21 in 2017-18 served under IDEA by race/ethnicity 
(National Center for Education, 2019) 
 
There are many ideas about the potential causes of disproportionality with special 
education, from systemic racism within school structures, biased assessments used to deem 
eligibility of students, poverty rates among different demographic groups, and racial biases and 
lacking cultural proficiency of teachers and responsible adults (Fierros & Conroy, 2002). 
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Although this phenomenon has been documented for almost 50 years, research has struggled 
with determining the variables responsible (Hodgkinson, 1995; NRC, 2002; Skiba et. al., 2005; 
Sullivan & Artiles, 2011).  
Research into disproportionality in special education has shown that the issue is complex. 
Studies have analyzed possible factors, from testing bias (Jensen, 1980; Valencia & Suzuki, 
2001) to poverty (Hodgkinson, 1995; Skiba et.al, 2005; Sullivan & Artiles, 2011). For decades, 
the latter has been thought to be the largest factor contributing to disproportionality, with 
Hodgkinson even suggesting that poverty should be substituted for race when collecting 
demographic data, as it is a larger predictor of school failure.  
 There is data to support a correlation between minority status and poverty. According to 
the U.S. Census Bureau (2016), 20% of Black Americans and 16% of Hispanic Americans lived 
at or under the poverty level ($19,730 annual income for two adults and one child) compared to 
only 8% of White Americans. Given the known impact that poverty can have on educational 
outcomes (NRC, 2002), it is understandable why the poverty levels of students of color has long 
been thought to be the main cause of disproportionality within special education. 
 As mentioned earlier however, disproportionality is not as simple as just a correlation 
between poverty level of students and identification in special education. For this link to be 
established, there would need to be a clear connection between poverty and the development of 
qualifying disabilities under IDEA. Currently, research has indicated that the discrepancy in 
services is greater in disability areas that require subjective judgement in identification (e.g., 
specific learning disability [SLD], mental retardation [MR], and emotional disturbance [ED]) 
than in categories that are biological or medically diagnosed like hard of hearing or visual 
impairment (Skiba et. al, 2002). For example, in the 2017-2018 school year 7% of Black students 
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and students of two or more races received services for ED, while only 5% of all students served 
under IDEA received services in this category. If poverty truly is a significant factor in 
disproportionality within special education, it should present in more categories than just 
subjective identification categories (SLD, MR, ED) and be evident across the spectrum of 
qualifying disabilities. 
In addition to a lack of evidence showing a correlation between all disability types and 
poverty, there is also an inconsistency with the concept that poverty alone is enough to account 
for disproportionality in special education. This inconsistency is easily seen when examining 
Hispanic/Latinx student populations. Sixteen percent of Hispanic and Latinx families in the 
United States live at or under the poverty threshold (U.S. Census Bureau, 2016), yet these 
students have been historically underrepresented in special education (Skiba et. al, 2002). In 
2016 (the most recent year publicly available), Hispanic/Latinx students made up 22.7% of the 
total student population in America (Bauman, 2017). However, they only made up 13% of the 
population of special education students (National Center for Educational Statistics, 2019). If 
poverty truly is the main significant factor in disproportionality in special education, one would 
expect to see overrepresentation, not underrepresentation, evident in Hispanic and Latinx student 
populations. The lack of racial/ethnic consistency within correlations between poverty and 
special education status indicates that there is more to the manifestation of disproportionality 
than just socioeconomic status. 
 Not only are some demographics of students more likely or less likely to receive special 
education services than others, but some researchers have found that a discrepancy exists in 
regards to where SWD are educated that is correlated to their demographic status (Skiba, Poloni-
Staudinger, Gallini, Simmons, & Feggins-Azziz, 2006). Skiba et. al. (2006) found that African 
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American students were more likely to be placed in restrictive special education settings (i.e., a 
special education classroom) as opposed to a less restrictive setting (i.e., an inclusive classroom). 
Not only are African American students more likely to receive special education services, but 
they are more likely to be in the most restrictive settings when compared to their peers. Research 
exploring more factors and outcomes regarding disproportionality in special education is needed 
to understand the problem and work toward potential solutions.  
 There is a need for comparative outcome research in the area of achievement in special 
education and inclusion, as many of these studies have focused on just special education students 
or on non-academic outcomes. The present study was designed to start filling in this gap by 
analyzing comparative data in inclusive science classrooms. How are students faring in inclusive 
classrooms, and are students with disabilities achieving at the expected rate? Is it their status as a 
special education student that is having the most impact, or is there another factor that may be at 
play when it comes to student achievement in these classrooms? 
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CHAPTER 3: METHOD 
Population, Sample, and Setting 
 The purpose of this study was to examine the achievement levels of students with 
disabilities and their typically achieving peers on science standards in eight inclusive science 
classes in one urban Midwest middle school. This middle school was in an urban city and was 
one of more than ten middle schools within the district. Most students within the district were 
identified as students of color in the 2017-18 school year (see Table 2). 
Table 2.  
School District Demographic Breakdown (2017-2018) 
Demographic Category    Percentage of Student Population 
White         38.9 
Hispanic/Latinx       26.4 
Black/African American      19.5 
Asian         8.2 
Two or More Races       6.5 
Native American       <1 
Pacific Islander       <1 
 (U.S. Department of Education, 2018) 
Nearly 75% of students in the district qualified for free and reduced-price meals, and the 
district was considered a low-income district by federal designations. The district’s population of 
English Language Learners represented a plethora of different languages and dialects, and 
dozens of different native countries were represented in their overall school district population.  
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During the 2017-2018 school year, there were 252 students in inclusive 7th grade science 
classes at the studied middle school during the first semester, and 258 students second semester. 
The first semester sample of 252 students included 223 typically achieving students and 26 
SWD. The second semester sample of 258 students also included 26 SWD. This means that 
roughly 10% of the students in the general education science classrooms in this middle school 
received special education services, which was under the district (13.7%) and state averages 
(12.5%) (State Department of Education, 2015; Facts & Figures, 2016).  
Data Source 
 Student achievement data was collected from the school district. Final grades from 13 
science standards that were taught and assessed in 7th grade inclusive science classrooms were 
collected. This data was housed online in Tableau, which is an interactive data visualization tool 
used in the school district to view, sort, and analyze educational data, and the data was then 
transferred to Microsoft Excel, in which all calculations were processed. The building-level 
principal gave permission to use existing data from Tableau on February 9, 2019, and District 
IRB was obtained on February 11, 2019. University IRB exemption was obtained on June 24, 
2019 (see Appendix A). 
Initial analysis of the data examined overall science grades for the semester for all 
students. A second analysis of the data delineated students into two groups “SPED – IEP” (which 
included any student who had an IEP and received special education services) and “No IEP” and 
analyzed the groups’ overall science semester grades. A third analysis was conducted to examine 
student group (IEP vs No IEP) scores on each of the thirteen science standards. This third 
analysis allowed a more in-depth examination of possible areas of scientific strength and 
weaknesses, in terms of test scores. If students are found to struggle or excel more in one of the 
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standards than others, it would provide district administrators and other researchers an idea of 
where to focus future research and development into student achievement. It would also give 
classroom teachers an idea of the units of study for which students scored the highest and lowest. 
They could in turn use that information to reflect on instructional strategies, assessments, or 
supports they used in those units and whether they were effective. 
After the above analysis, student demographic data was examined more closely and 
revealed an issue of disproportionality within the special education sample within the data. Due 
to the evidence of this disproportionality, the data was analyzed again, this time comparing 
scores of White general education students to general education students of color. Once the 
significance of that data was known, the same was to be done to compare White SWD to SWD 
of color. 
Standards-Referenced Grading Overview 
 The school district in which the data for this study was collected used an instructional 
approach referred to as Standards-Referenced Grading (SRG) that is important to understand 
when interpreting the outcome data of the study. This term is commonly defined as “a system in 
which teachers give students feedback about their proficiency on a set of defined standards and 
schools report students’ level of performance on the grade-level standards…” (Heflebower, 
Hoegh, & Warrick, 2014).  At this school district, six guiding principles were applied to grading 
all classes: 
1. The use of a consistent 4-point grading scale (0 – no evidence shown, 1 – some evidence 
shown, 2 – progressing toward learning standard, 3 – learning standard met, 4 – learning 
standard exceeded) 
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2. Grades were based solely on a student’s academic achievement. Factors like work 
completion, participation, and ability to work with others did not contribute to a student’s 
overall course grade in any way.  
3. Scores were based on a graded piece of evidence. 
4. Student achievement (scores) was organized according to the learning standard. 
5. Students were given multiple opportunities to achieve the standard. 
6. Students with special needs were to be provided with accommodations and modifications. 
 
This method of grading differs from traditional models in several ways. Determining a 
student’s final score on a learning topic was different than in traditional grading that uses 
averaging. In SRG in this district, teachers would look at a student’s achievement over several 
opportunities and give the student the score they believe best connected to the student’s ability 
level. For example, a student might take three graded assignments over the course of a unit and 
get a 1, 2, and 3 respectively. In traditional grading, these scores would average to an overall 
score of 2. In SRG however, the teacher would likely look at the scores and see that the student 
had learned and improved over the course of the unit, and at the end, was able to show evidence 
for all learning for the topic. The teacher would likely assign the student an overall score of 3 
(Standards Referenced Grading: Questions and Answers, 2014). 
 At the end of the semester, all learning standard scores were collected and averaged, 
resulting in an overall course grade. A student must reach an SRG grade of 3.0 on all learning 
standards to finish the semester with an A grade. This SRG course grade would then be 
converted to a traditional letter grade and 4.0 grading scale. The district chose to allow for this 
final conversion to a traditional scale to make sure students and schools could accurately 
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communicate grades and GPAs to post-secondary institutions and other institutions (Standards 
Referenced Grading: Questions and Answers, 2014). 
Study Instrument 
 Thirteen science standards were taught and assessed in 7th grade science classrooms in 
the 2017-2018 school year. These standards were the same regardless of whether the class was 
an inclusive classroom or a general education student-only classroom. The standards were broad 
and included coverage of topics such as argumentative writing, environmental issues and human 
impact, and chemical reactions. Appendix B provides a complete list of the standards. Students 
had to demonstrate that they knew or could do all the grade level expectations to have met the 
grade standard. Three of the standards were taught and assessed both semesters (science 
investigative skills, scientific tool use and measurement, and argumentative writing), while the 
remaining 10 were taught and assessed in one semester only.  
 Overall grade scores on these standards were determined using a four-point scale. This 
grading scale was a system based on standards-referenced grading, in which students were 
assessed on specific grade-level standards and grades were based on their progress toward 
reaching said standards (Heflebower et al., 2014). Students could receive scores that ranged from 
0 to 4, including half intervals (1.5, 2.5, 3.5) on assessments based on student skills or 
knowledge proficiency on the given standard (see Figure 2). 
Factors like homework completion and attendance that might be present in more 
traditional grading systems were not reflected in student grades in this system. Grades were 
based only on student skills or knowledge on the standard. The only exception to this was 
missing assignments. A student had to have completed at least two graded assignments to get a 
final grade for the standard. If a student did not turn in at least two assignments, they were given 
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a 0 score for that standard. The expectation for all students was that they receive a 3 or higher on 
all graded standards (District Secondary Grading Practices, 2017). As such, the knowledge and 
skills required to get a 3 were the grade level expectations. Scores of 3.5 or 4.0 on this scale 
indicated that the student demonstrated skills or knowledge at a level higher than grade level 
expectations. At the end of the semester, these grades were converted to an overall “Science” 
grade. For example, a score of 3.0 would be converted into an A (and a 4.0 on the traditional 
grading scale). This allowed for a typical grade point average to be reported out to parents and 
other interested parties, like colleges and scholarship committees. 
 
Figure 2. General Grading Scale (Secondary Grading Practices, n.d.). 
The district expectation of students earning a 3 on standards was used as the mark of 
academic achievement in this study. Scores of 3 or higher were coded as met standard while 
scores lower than 3 were coded as not meeting standard. 
Because teachers had already administered, scored, and documented the results from 
these standards, there was no room for the altering of data in this study. Teachers were unable to 
alter testing environments, proctoring, or scoring of tests to try and alter the data that was 
collected for this study.  
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This study covered two teachers who taught and assessed the same standards across eight 
different class periods. Although the standards assessed were the same, each teacher created their 
own assessments for each standard.  Because this could have led to possible measurement errors, 
a Chi – square goodness of fit test was conducted to look for significant differences between the 
two sets of classroom data. Differences between scores for the two classrooms were not 
significant for any population, so the teachers’ classrooms were combined into one set of data. 
 Although using past grades is beneficial in some ways, it is also detrimental in one aspect 
of reliability. Because assessments are teacher-created, the science teachers manually scored all 
assessments and gave students their final grade for the standard. This manual scoring brings with 
it the possibility of bias and inconsistent grading practices. For example, a teacher who has seen 
a student with a disability work hard in a unit but struggle on the test may grade said student’s 
test less rigorously than another student without a disability. There is also a potential for 
systemic bias due to the assessments being teacher-created (e.g., word/question choices, project 
instructions).  The existence of a specific grading scale and rubric makes inconsistent grading 
and systemic bias less likely to occur, but these are both factors of reliability that may be present 
any time that teachers manually grade teacher-created assessments. 
Study Variables 
 The goal of this research study was to determine the current achievement of students with 
disabilities in two teachers’ inclusive science classrooms compared to their typically achieving 
peers. Scores on 7th grade science standards were used as the dependent variable in this 
descriptive study. The independent variable is the identification of students receiving special 
education services, which had already occurred within in the sample group.  
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Since the SWD sample population was only 26 students, a specific breakdown of student 
race/ethnicity has been excluded from the study to prevent the identification of specific students 
who are in low incident demographic groups at the school (e.g.- Asian, American Indian). 
Instead, racial/ethnic categories for students are identified as “White”, and “students of color” 
(see Table 3). 
Table 3. 
Science achievement of typically achieving peers, by demographic category  
Demographic 
Category 
Total Percentage of 
Sample Population 
Number of 
SWD 
Percentage of 
Sample Population 
Percentage of 
SWD Population 
White 164             64.8%     9 3.6% 35.6% 
Students of Color 89 35.2% 17     4.8% 65.4% 
 
The SWD sample used in this study revealed disproportionality issues. In the overall 
population for the school’s grade level, students of color made up 35.2% of the student 
population. However, students of color made up 65.4% of the population of special education 
students. It is important to keep this disproportionality in mind when interpreting the study 
results and these issues will be discussed further in Chapters 4 and 5. 
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CHAPTER 4: RESULTS 
The purpose of this study was to analyze current achievement data for typically achieving 
students and SWD within 7th grade inclusive science classrooms. Student scores were analyzed 
for an overall semester score, as well as analyzed on each of the 17 science grading topics 
students were assessed on over the 2017-2018 school year. Analysis was then done to check for 
statistically significant differences between student groups. Finally, comparative analysis was 
completed to check of differences between White students and students of color, and significance 
was calculated. 
Student scores were grouped into two categories, and their scores for overall science, as 
well as each individual grading topic was analyzed. If a student scored anywhere between 0 and 
2.5 on the given measure (overall science or individual grading topic), they were categorized as 
“not meeting standard.” If a student scored 3 or higher, they were categorized as “meeting 
standard.” Based on current research and understanding of SWD, there should be no significant 
correlation between a student’s disability status and their achievement in an inclusive science 
classroom. 
Table 4 contains the results of this analysis for overall semester grades. Note: Eight 
student results from semester one had to be excluded from the study, due to incomplete grade 
records (e.g., from the initial sample of 252 students, the sample used for semester one analyses 
had 244 students). The researcher was not granted the exact reason for each student’s incomplete 
record, but it was shared that this may have been due to the students moving out of district early 
in the semester, and thus not generating a final grade for the students. It may also have occurred 
due to teacher error when inputting final grades. No students had to be excluded from semester 
two data (258 total student).  
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As noted in Table 5, it was apparent that there was a large discrepancy between typically 
achieving students and SWD, whether analyzing overall performance with semester grades or 
analyzing achievement on individual standards. A chi-square test of independence was 
performed to examine the relation between disability status and overall achievement for 
semesters 1 and 2, with the percentage of typically achieving students meeting expectations set 
as the expected range. The relation between these variables was significant, X2 (1, N = 251) = 
11.61, p = < .001. Typically achieving students were more likely to meet standards than SWD in 
semesters 1 and 2.  Because of this result, we are not able to reject the null hypothesis, as there is 
evidence that special education status did impact achievement. 
When looking at individual science standards, there were three standards that zero SWD 
attained a proficient grade in: Classification of Living Things, History of the Earth, and Science 
Skills. Characteristics of Life resulted in the most SWD receiving a proficient grade at four 
students (16% of the total SWD sample).  
A Chi-Square test was done for individual standards and returned a p score of < .001, 
which is also statistically significant. Due to these results, the null hypothesis that there would be 
a significant correlation between disability status and achievement in inclusive science 
classrooms could not be rejected. The data suggests that there is a statistically significant 
correlation between achievement in science and a student’s disability status. 
However, analysis of this sample group did not stop at this conclusion. Due to the 
disproportionality issue with the SWD sample, the data was analyzed again. This analysis was to 
test for statistically significant differences between students of color and White students within 
both the typically achieving student sample (see Tables 6 and 7). Because it was already known 
that SWD were performing at a statistically significantly lower level, they were removed from 
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this analysis to limit the analysis to the impact that racial/ethnic demographic category had on 
student grades. If this result came back as statistically significant, this could be a compounding 
factor impacting the data. If there was a significant correlation between a student’s 
racial/demographic category and their achievement in inclusive science classrooms, we would 
not be able to reject the null hypothesis, as we would be unable to separate the significance of 
disability status from racial/demographic category. 
A chi-square test of independence was performed to examine the relation between 
racial/demographic status (students of color vs White students) and overall achievement for all 
science standards, with the percentage of White students meeting expectations set as the 
expected range. The relationship between these variables was significant, X2 (12, N = 2986) = 
95.11, p = < 0.01. Students of color were less likely to meet achievement expectations than 
White students. This test was unable to be performed for the SWD sample, as the sample size 
consisted of too many zeros in the data set to generate valid calculations. 
The science standards with the largest percentage point differences in achievement 
between students of color and White students were Earth Change (27.65), Plants (24.97), and 
Chemical Reactions (20.56). The standards with the lowest percentage point differences in 
achievement were Science Skills (2.58), History of the Earth (5.92), and Environment (10.65). It 
is interesting to note that while Science Skills was a standard on which students of colors scored 
well on, it was one of the standards that zero SWD were able to show proficiency with. 
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Table 4 
Students who Met Standard by Semester 
Semester Typically Achieving 
Students Who Met Standard 
Total 
Students  
Percentage SWD Who Met Standard Total 
Students 
Percentage 
1 74 226 32.74 0 26 0 
2 58 232 25 0 26 0 
 
Table 5 
Students who Met Standards by Measure 
Measure Typically Achieving 
Students Who Met Standard 
Total 
Students  
Percentage SWD Who Met Standard Total 
Students 
Percentage 
Arg Write 155 230 32.61 2 26 7.69 
Char of Life 105 230 54.35 4 25 16 
Chem React 111 227 51.1 2 23 8.7 
Class Living 146 228 35.96 0 25 0 
Environment 101 232 56.47 1 26 3.85 
History 117 227 48.46 0 25 0 
Ecosystems 118 232 49.14 2 26 7.69 
Nat Select 140 232 39.66 2 26 7.69 
Periodic 103 226 54.42 2 22 9.09 
Sci Skills 144 232 37.93 0 26 0 
Tool Use 110 232 52.59 2 26 7.69 
Earth Change 129 226 42.92 1 24 4.17 
Plants 124 232 46.55 2 26 7.69 
Note: Standards are listed in their entirety in Appendix 
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Table 6 
Students who Met Standard by Semester 
Semester Met Standard: 
White 
Total 
Students  
Percentage Met Standard: 
Students of Color 
Total Students Percentage 
1 59 155 38.06 15 77 19.48 
2 44 155 28.39 14 77 18.18 
 
Table 7 
Students who Met Standards by Demographics 
Standard Met 
Standard: 
White 
Total 
Students  
Percentage Met Standard: 
Students of 
Color 
Total 
Students 
Percentage 
Arg Write 59 153 38.56 16 77 20.78 
Char of Life 91 154 59.09 34 76 44.74 
Chem React 88 152 57.89 28 75 37.33 
Class Living 64 152 42.11 18 76 23.68 
Environment 93 155 60.00 38 77 49.35 
History 85 152 55.92 25 75 33.33 
Ecosystems 86 155 55.48 28 77 36.36 
Nat Select 69 155 44.56 23 77 29.87 
Periodic 96 152 63.16 27 74 36.49 
Sci Skills 66 155 42.58 22 77 28.57 
Tool Use 89 155 57.42 33 77 42.86 
Earth Change 79 152 51.97 18 74 24.32 
Plants 85 155 54.84 23 77 29.87 
 
 Due to the compounding factor of disproportionality in the SWD sample in this set of 
data, it was unclear whether the statistical significance between typically achieving students and 
SWD was due to educational factors that limited success for students with disability statuses or 
factors that limited the success of students in racial/demographic categories other than White. 
Future studies should seek to isolate these factors to further examine this phenomenon, and to 
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allow schools to make more data-driven decisions toward remedying this significance in 
achievement gaps.   
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CHAPTER 5: DISCUSSION  
Student-Achievement in Science 
 The results of this study sought to provide evidence for several questions. First, how are 
all students currently achieving in inclusive science classrooms? The data in this study found that 
most students are achieving lower than expected on science standards, with only 34.74% of 
typically achieving peers achieving grade level standards 1st semester, with that percentage 
falling to 25% in the 2nd semester. The numbers for SWD were worse, with 0% of SWD 
achieving grade level standards in either semester.  
 This level of achievement is lower than the national average. On the 2015 NAEP science 
assessment, typical students scored 37%, with a whole population average of 35% and a SWD 
average of 8% (2015 Science Assessment, 2015). Although these are two different measures of 
science achievement, both the school science standards and the NAEP assessment were based on 
national standards of science that were based on the Next Generation Science Standards 
(National Assessment of Educational Progress, 2018).  
However, it should be noted that in the 2017-18 school year, the school district had 
designed its own standards using Next Generation Science Standards (NGSS) to guide their 
grade-level curriculum but had not adopted the standards in their original/complete form. NGSS 
was developed by the National Research Council through collaboration with 26 states, the 
National Science Teacher Association, and several other science and math-based organizations, 
with the purpose of aligning state science curriculums across the country and bolstering student 
achievement in science (U.S. Department of Education, 2014). In the 2018-19 school year, this 
district adapted NGSS completely for their science curriculum and grading standards. Future 
studies should examine schools that have implemented NGSS completely to analyze if 
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transitioning to these standards is having the intended effect of increasing student proficiency in 
science.  
The contrasts in student achievement from state level to school level get more extreme 
when looking at comparisons between Iowa Assessment scores and science class grades. In 
2017, typically achieving 8th grade peers (it was not given to 7th grade) were 88.1% proficient on 
the science subtest (State Department of Education, 2017). Yet, less than 35% students in 7th 
grade were proficient on grade-level science standards. The state in which this study took place 
has recently moved away from giving Iowa Assessments, out of concern for it no longer being 
aligned with state standards for instruction. Further examination on current standardized tests 
used by the state could give the district more information about the alignment of their curriculum 
and measures of assessment.  
Students with Disabilities in Science 
Given that 53% of SWD nationally have disability categories (e.g., specific learning 
disability and speech/language impairment) that should not impede their achievement of science 
standards, it is alarming that such a low percentage of SWD in this study were able to reach a 
level of proficiency in science (National Center for Education, 2019). No SWD was proficient in 
science for either semester, and the largest percentage of SWD that achieved proficiency in any 
given science standard was four (16%).  
Using national assessments as a guide for expected achievement outcomes for SWD, 
students within this study were still were achieving outcomes lower than expected. In the 2015 
science NAEP test, 8% of SWD were able to score at or above the level of proficiency, which 
NAEP reported was also statistically significant in their data set as well (2015 Science 
Assessment, 2015). In 2017, 47.9% of 8th grade students with disabilities in the studied state 
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tested as proficient in science on the Iowa Assessments, while their typically achieving peers 
were 88.1% proficient (State Department of Education, 2017).  If 8% of SWD nationally can 
reach a level of proficiency in science, and state level data suggests that number is even higher, 
why aren’t numbers for achievement in science classrooms comparable and showing that 0% of 
SWD are able to achieve on grade level?  
When looking at individual science standards, there were three standards that zero SWD 
attained a proficient grade in: Classification of Living Things, History of the Earth, and Science 
Investigative Skills, while Characteristics of Life resulted in the most SWD receiving a proficient 
grade at four students (16% of the total SWD sample). It is worth looking at those individual 
standards to look for similarities or possible reasons for this occurrence (see Table 8). All three 
of the standards that SWD struggled with the most contained descriptors indicating the students 
had to create a model or representation of scientific knowledge, while Characteristics of Living 
Things did not. It is possible that the added complexity of having to create or design a visual 
representation was particularly difficult for these SWD.  
Also, it is worth remembering at this point that a student had to have shown evidence of 
mastery of all the given descriptors to earn a proficient grade. The Science Investigative Skills 
standard had seven different descriptors of which students must show mastery. If students missed 
any of the seven descriptors, they were unable to receive a proficient score on that standard. 
Interestingly, this standard was not in the lowest three standards for proficiency for typical 
students of any demographic. This implies that there was something with this standard/unit of 
study that was particularly difficult for SWD to show evidence of mastery. 
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Table 8. 
Science standard grade-level expectation descriptors 
Classification 
of Living 
Things 
Predict how substances will react other substances to form new substances 
with different properties. 
Defend the following claim with evidence: During physical changes and 
chemical reactions, atoms do not appear, disappear or change their identities 
Create a model to illustrate that atoms may bond by giving, taking or sharing 
electrons with each other. 
Represent that chemical reactions occur when the bonding arrangement among 
atoms changes, resulting in the change of reactant substances into products 
History of 
the Earth  
Interpret what has occurred in Earth’s past by analyzing the Earth process we 
see today. 
Use fossil evidence to create an explanation about how life and environmental 
conditions on Earth have changed over time 
Judge the validity of the fossil record as a (incomplete) record of life on Earth 
Analyze the evidence supporting major extinction events interpret their 
possible causes 
Scientific 
Investigative 
Skills 
Create a testable question and formulate a related hypothesis (questioning) 
Design and conduct an investigative experiment (experimental design) 
Collect relevant data from an experiment and make supported conclusions 
based on that data set (data analysis and conclusions) 
Communicate scientific findings (scientific communication) 
Conduct an experiment to test a question, identifying independent and 
dependent variables 
Represent data graphically 
Effectively communicate scientific information   
 
Characteristics 
of Life 
Create an argument based on evidence to classify objects as living or non-
living 
Describe with examples the characteristics of life (have cells, DNA, 
reproduce, grow and develop, sense and respond 
to the environment, use energy) 
Analyze mechanisms of homeostasis and describe how they maintain a stable 
internal environment 
 
As current comparative research on academic achievement between typically achieving 
students and SWD is severely lacking, data like that gathered by this study is crucial for the field 
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of education. It is impossible to make student placement decisions based on data if there is no 
data to consult. As of now, schools are doing what sounds best in concept, and lack the evidence 
to support whether these placements are truly the least-restrictive environment for students. 
Least-restrictive environment placements into non-inclusive settings should be considered when 
“education in regular classes with the use of supplementary aids and services cannot be achieved 
satisfactorily” (IDEA, 2004).  
If it is found that SWD placed in inclusive science classrooms cannot meet grade level 
proficiencies at the same level as their typically achieving peers, we need to question if their 
education is being met “satisfactorily.” More so, what can be done to begin to remedy this 
significance between student populations (see Implications for Practice). For now, more 
comparative research needs to be gathered across content areas and grade levels to determine the 
magnitude of achievement gaps between SWD and typically achieving students in inclusive 
content classrooms. 
Students of Color in Science 
 Not only did this study find that SWD scored statistically significantly lower in science 
than typically achieving students, but students of color within the latter group scored statistically 
significantly lower than White students within that same group. In the first semester, around 38% 
of seventh grade typically achieving peers who were White scored as proficient on their class 
grades, with 29% scoring proficient second semester. For students of color, only around 19.5% 
scored as proficient first semester, and around 18% second semester.  
This is consistent with current research on national levels about discrepancy in science 
achievement for students of color. According to NAEP, 29% of White students scored proficient 
in science, while only 6% of Black/African American students and 9% of Hispanic/Latinx 
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students scored as such (2015 Science Assessment, 2015). NAEP determined that these results 
were also statistically significant.  
  So, why are students of color struggling to find success within science curriculum across 
the nation? As discussed earlier, while the leading theory for years was one based 
(inconsistently) on poverty levels of students of color; current research has revealed that the issue 
is much more complex (Fierros & Conroy, 2002). To begin to understand the complex nature of 
discrepancy between White students and students of color, the concept of institutionalized racism 
within the American educational system needs to be discussed. 
Institutionalized Racism in American School Systems 
 Institutionalized racism is defined as “the power to create an environment where racism 
is manifested in the subtle or direct subjugation  of the subordinate ethnic groups through a 
society’s institutions” (Lindsey, Robins, & Terrell, 2003, p. 248). The concept of 
institutionalized racism can be traced back to the early 1960s and 1970s, with educators and 
advocates alike recognizing a difference in academic achievement of White students and students 
of color (Spears, 1978). Despite being recognized and discussed for over 50 years, it remains a 
consistent and persistent issue within education in America as well as other countries, like the 
United Kingdom. Why is this? David Gillborn, a British education researcher known for his 
work in the field of critical race theory, believes that the pervasive issue is due to educational 
policies long being an “act of White supremacy” (Gillborn, 2005). He argues that while creating 
racial inequalities within education are likely not an intentional goal of educational policies, that 
it is also not “accidental.”  
 Maud Blair expounds upon this idea, stating that the omnipresence of “Whiteness” 
culture has caused people to develop a “culture of colour blindness which undermines attempts 
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to recognize the different educational experiences of minoritized groups thereby re‐enforcing 
existing inequalities” (Blair, 2008, p. XX). She emphasizes that Whiteness is a principle that, 
while not the result of deliberate actions, maintains White people’s access to power and 
privilege. They both ascertain that discrepancy in education is not based on individual acts of 
racism, but rather that principles, like that of Whiteness, are pervasive in large scale systems, like 
governments and educational institutions (Blair, 2008; Gillborn, 2005).  
 Glenn Singleton and Curtis Linton discuss institutionalized racism at length in their book 
on how to achieve equity in schools. They ascertain that in order for institutionalized White 
racism to continue to flourish, it has to be supported by the concepts of internalized White 
racism, interracial White racism, intraracial White racism, and reverse White racism (Singleton 
& Linton, 2015). These concepts include a person’s individual beliefs surrounding race, when 
different groups of color conflict with each other over shared power/positions, varying levels of 
assimilation causing conflict within specific groups, and strong feelings of discontent amongst 
White people when perceiving certain actions as being “unfair” to them (like affirmative action 
policies).  
In order to combat White institutionalized racism in education, Singleton and Linton 
argue that the concepts supporting it must be dismantled first, and that the crux of that 
responsibility falls to White people who are the “primary guardians and recipients of racial 
privilege” (Singleton & Linton, 2015, p. XX). Specifically, educators have a significant role to 
play in dismantling institutionalized White racism, given that almost 80% of teachers in the 
United States are White (National Center for Education Statistics, 2018). Specific 
recommendations on how educators and schools can combat institutionalized racism within 
education is discussed in Implications for Practice. 
41 
Assessment Validity 
One factor that should be discussed when attempting to measure student academic 
achievement is the validity of the assessments created and used to measure student understanding 
of scientific content. There is a vast discrepancy between proficiency levels when using Iowa 
Assessments to gauge achievement versus NAEP assessment results. In the same state, Iowa 
Assessments showed that over 88% of typically achieving students were proficient in science, 
while for NAEP that number was only 42%. When looking at SWD, Iowa Assessments gauged 
47% of the state’s SWD as being proficient, while NAEP reported only 5% of SWD tested as 
proficient (State Department of Education, 2017; 2015 Science Assessment, 2015). As 
mentioned earlier, this state has recently moved away from using Iowa Assessments for validity 
reasons, claiming that the assessment no longer matches the standards that are being taught in 
classrooms, and thus is no longer providing valuable information for the state and school 
districts. Validity of testing assessments is something to keep in mind when analyzing data. 
Assessment validity encompasses more than just making sure assessments are aligned 
with instructional standards. Solano-Flores and Nelson-Barber discussed what they termed 
“cultural validity” in science assessments in their article published in 2001. They defined cultural 
validity as “the effectiveness with which science assessment addresses the sociocultural 
influences that shape student thinking and the ways in which students make sense of science 
items and respond to them” (Solano-Flores & Nelson-Barber, 2001). These sociocultural 
influences include student beliefs, values, the ways in which they communicate information, 
learning styles, and cultural and socioeconomic backgrounds of students. Solano-Flores and 
Nelson-Barber argued that correcting assessments for bias and providing accommodations for 
language differences of students are remedial efforts that would not be necessary if student 
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cultural differences were considered at assessment creation, rather than as an afterthought 
(Solano-Flores & Nelson-Barber, 2001).  
This idea of creating assessments with student cultural differences at the forefront of 
assessment design rather than at the end, is similar in principal to the educational concept of 
Universal Design for Learning (UDL). UDL is based on the Universal Design movement of 
architecture, which called on industries to design buildings and products that could be used by all 
people without the need for specialized design (Story, Mueller, & Mace, 1998). The exact 
guiding principles of UDL differ slightly depending on the source, but commonly fall under 
three main areas of curriculum development: multiple means of representation, multiple means 
of action and expression, and multiple means of action and engagement (Orkwis, 1991). 
Proponents of UDL maintain that this style of lesson and assessment design is more equitable for 
all students and helps with increasing the validity of assessing student achievement and learning 
(Cawley, Foley, & Miller, 2003; Orkwis, 1991; Story, Mueller, & Mace, 1998).  
Implications for Practice 
 Science education in the United States is lacking in effectiveness for most students (2015 
Science Assessment, 2015; Fleischman, Hopstock, Pelczar, & Shelley, 2010; National 
Assessment of Educational Progress, 2018), so what can schools and classroom teachers do to 
help improve outcomes for all students? Although there are many factors that impact student 
learning, it is important for educational systems to focus on those that they can directly control. 
Two of these factors are teacher quality and instructional practices.  
The discussion on an effective educational initiative should start with a discussion on 
teachers. Jimerson and Haddock express this idea wonderfully in their article, stating that “all 
education initiatives rely upon the efforts, skills, and talents of teachers in the classroom with 
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children each day” (2015). Woolfolk Hoy and Davis found that teachers with high self-efficacy, 
defined as teachers strong in content knowledge, instructional strategies, classroom management, 
and teacher-student relationship building, improved their students’ perceptions of science ability, 
leading to overall improvement in science achievement (2006). Schools and teachers should seek 
to be masters of their content knowledge through continuing education, improving instructional 
strategies and classroom management through purposeful professional development, and 
remember that “no significant learning occurs without a significant relationship” (Comer, 1995).  
 A teacher’s ability to engage students in effective instruction is paramount to student 
success, but what does effective science instruction look like? One of the most powerful 
instructional strategies that can be used in the classroom is inquiry-based learning. Inquiry-based 
learning has been found to improve scientific learning for students, regardless of gender (Dalton, 
Rawson, Tivnan, & Morocco, 1993), and has been found to lead to improved science 
achievement and cognitive skills (Koballa, 1986; Krajcik, Marx, Blumenfeld, Soloway, & 
Fishman, 2000; Shymanski, Kyle, & Alport, 1983).  
Despite knowing the benefits of inquiry-based learning for decades, schools and teachers 
still struggle with implementing the strategy regularly and with fidelity (Filippi & Agarwal, 
2017). Filippi and Agarwal researched the most common barriers for implementing inquiry-
based learning and found the following most impacted teachers’ abilities to use the strategy 
consistently within their classrooms:  
1. Barriers with including all students in STEM activities, noting an emphasis on 
struggling to accommodate for SWD and for girls, the latter of whom can often 
struggle with stereotypes about their ability to be successful in science activities  
2. Reliable access to resources needed for inquiry, including access to technology 
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3. Lack of teacher training in inquiry and real-world application of scientific knowledge 
To improve science instruction, schools should put an emphasis on providing their 
science teachers with explicit and purposeful training on how to accommodate lessons and 
activities for SWD, seek additional funding sources to ensure teachers have access to all the 
materials needed to use inquiry-based learning, and provide opportunities for teachers to engage 
in robust professional development covering inquiry-based learning.  
Improving Achievement for SWD 
 While improving science achievement outcomes for all students is vital, it is important 
that we give dedicated time to discuss some ways that educators and schools can improve 
outcomes specifically for SWD, given their abysmal rates of achievement when compared to 
typically achieving peers. The effectiveness of inquiry-based learning has been discussed, but 
setting up this type of learning experience for SWD requires that educators keep a few things in 
mind.  
SWD benefit from inquiry-based instruction, but this benefit is much more profound 
when teachers use a more structured inquiry model, like Science Writing Heuristic, which is an 
argument-based science inquiry approach (Taylor, Tseng, Murillo, Therrien, & Hand, 2018). 
This model combines inquiry-based instruction with the interdisciplinary literacy skills of 
writing-to-learn and science literacy. The inclusion of these literacy skills may be key for SWD, 
who often struggle with understanding the nuances of science writing and literacy (Taylor, et. al., 
2018; Taylor, Therrien, Kaldenberg, Watt, Chanlen, & Hand, 2011). 
 Along with an emphasis on structured inquiry-based instruction, the implementation of 
UDL strategies within inclusive science classrooms is another way to bolster achievement for 
SWD. Simply moving away from textbook-centered instruction to more inquiry-based 
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instruction begins to naturally remove barriers for students, thus lending instruction more 
naturally toward UDL principles of design (Cawley, et. al., 2003). Science for All Children 
(SAC) is one example of a science curriculum model that integrates the principles of UDL with 
inquiry-based instruction. Schools and educators who are interested in exploring how UDL and 
inquiry-based instruction can be combined should investigate resources like SAC. 
Improving Achievement for Students of Color 
 Improving the quality of science teachers, as well as the inclusiveness of their lesson 
designs is of utmost importance to improve student achievement and is likely to have a positive 
impact on all students, including students of color. However, it is important that educators and 
schools understand their responsibility for dismantling institutionalized racism within the 
educational system to truly have a significant impact on improving outcomes for students of 
color. 
 Singleton and Linton (2015) encourage school buildings to develop several teams to help 
combat institutionalized racism. The first is equity teams, which are made up of school leaders 
who are passionate about developing the skills, knowledge, and ability in supporting their 
colleagues with understanding racism and the importance of deinstitutionalizing racism within 
school systems. This team focuses on:  
1. Examining how race impacts their own personal and professional attitudes/behaviors 
2. Leading schools and staff in examining cultures as they relate to equity and anti-racism 
3. Creating professional learning communities where staff can develop skills and knowledge 
needed to remove racial discrepancies and improve student achievement 
 In addition to equity teams, they recommend engaged educators become members of 
CARE teams. These CARE (Collaborative Action Research for Equity) teams are made up of 
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mostly educators as opposed to school leaders, and focus on supporting educators as they explore 
their own difficulties with building relationships with students of color. This team includes using 
student of color focus groups to help educators hear and validate student voice within their 
reform efforts, and thus improve relationship building and student achievement (Singleton & 
Linton, 2015). 
Finally, Singleton and Linton emphasize the importance of involving communities within 
their framework for disrupting institutionalized White racism with the creation of Pass groups. 
These groups are made up of school-based educators and leaders, as well as community 
educators, such as government officials, clergy, law enforcement officers, and family members. 
These members work together to make sure that all parties understand the roles in which their 
shared students are expected to fit, as well as develop shared standards of development to ensure 
students grow into “respectful, contributing, and proud citizens of their community” (2015). 
If school systems and educators can improve the efficacy of their science teachers, use 
instructional strategies that are evidence-based like inquiry-based instruction, and work on 
meeting the needs of all student (like through UDL and purposeful dismantling of 
institutionalized White racism), there is evidence that they can improve student achievement 
outcomes. There is a lot to be done in terms of reforming science education, but with purposeful 
work should come improved outcomes for all students. 
Implications for Future Research 
 Empirical comparative data on student achievement in inclusive classrooms is needed to 
continue to make the best placement decisions for students. There is very little research currently 
on how students are doing academically in inclusive classrooms when compared to their peers. 
Current legislation and school policies tend to favor placing students with disabilities in inclusive 
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classrooms, yet the field has little data to show that this is the best academic placement for 
students.  
Research is needed that focuses on examining comparative student achievement 
outcomes between SWD in more restrictive placements, SWD in inclusive classrooms, and 
typically achieving students within inclusive and non-inclusive classroom settings. Once current 
achievement in known for setting types, school teams will be better able to make data-driven 
placement decisions for SWD. They will also be able to better analyze if current instructional 
and educational practices are working and be able to implement changes that will better serve all 
student populations. 
 Also worth examining is the effect that strategic changes in instruction within classroom 
settings has on student achievement. For example, analyzing the effect on student achievement 
when inclusive classrooms use a co-teaching model (e.g., having a general education and a 
special education teacher plan and deliver instruction within one classroom), or examining the 
results of moving to a more inquiry-driven model of instruction.  
 Along with analyzing instructional changes, research could be expanded by analyzing the 
impact of giving inclusive teachers professional development training in a variety of areas like 
cultural proficiency, UDL, and inquiry-based instruction.  
Limitations 
 One limitation to discuss when analyzing student grades as a means of determining 
student achievement is the concern with teacher-created assessments and grading bias. is no 
guarantee that teacher bias in grading did not occur within the data. However, this study sought 
to analyze the current reality for students within inclusive science classrooms. Regardless of 
teacher bias in grading, the scores that students earned were their reality. Also, the use of specific 
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standards within this school’s grading system and their standards-referenced grading practices 
make it much less likely that factors like student engagement or homework completion impacted 
student grades, making it more likely that the grade reflected a truer gauge of student 
achievement.  
 Another limitation of this study is that all non-White student demographics had to be 
combined for the sake of student privacy. Historically, Hispanic/Latinx and Asian populations 
have been underrepresented in special education, while other demographics like Black/African 
American and Native Indian populations have been overrepresented. Ideally, these two groups of 
students should be held separate, to get a better idea of and understanding of disproportionality 
numbers and its impact of student achievement. However, the need to keep student identities is 
of greatest importance. Future studies should seek SWD sample sizes large enough to allow for 
these separate student groupings. 
Conclusion 
 There has been a shift in student placement over recent years, with SWD being served in 
inclusive classroom settings at higher frequencies and for longer durations. While there is 
existing research on inclusive placement influence on non-academic factors of education like 
attendance, self-esteem, and social skill, there is little empirical and comparative research 
published on how SWD are faring in terms of academic achievement. This study sought to shift 
research focus from non-academic factors of inclusive classrooms onto academic achievement of 
SWD in these settings. In order to continue to make informed decisions about student placement, 
it’s pertinent to understand what the academic reality is currently for students in different 
placement settings. More research is needed into inclusive classroom settings and their impact on 
student achievement.  
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All SWD are entitled to a free and appropriate education, and this requires us to 
understand what settings are currently functioning as appropriate for SWD. If SWD are not able 
to meet content standards in inclusive classroom settings, that tells educators that something 
must be done to ensure that these placements are serving SWD an appropriate education. 
According to this study, current inclusive science classrooms are not appropriately serving most 
students but are especially lacking for SWD and students of color. Educators and school leaders 
need to work together to begin to improve outcomes for all students. Poor student outcomes in 
science have been known for decades, and so have the possible solutions. It’s time to stop talking 
about solutions and start to implement them. Our students are depending on it.  
NOTES 
1. Due to the way that the state determines eligibility of SWD for special education 
services, specific breakdowns of disability categories (e.g. – specific learning disability 
[SLD], other health impairment [OHI]) are not reported. The state in question is one of 
several that have adopted a non-categorical model, in which students are determined to 
have a qualifying disability under IDEA, but are then given a broad label of eligible 
instead of a specific label like SLD. The purpose of a non-categorical model is to attempt 
to remove stigma that may be inherent in certain categorical labels, as well as to help 
focus on the individuality of each student receiving services.  
2. The specific state has been removed from citations and replaced with state, as well as the 
direct URLs to the state’s information, to help protect the privacy of the studied school 
district and this specific school. Given the population size and demographic information 
for the district and school, knowing the state could make it possible for readers to identify 
the district, as well as the specific school within the district. Given the small population 
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of SWD analyzed in the study, state information was removed for the protection of their 
educational privacy. 
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nature or scope of information to be collected, nature or duration of behavioral interventions,  use of 
deception, etc.), any change in privacy or confidentiality protections, modifications that result in the 
inclusion of participants from vulnerable populations, removing plans for informing participants about 
the study, any change that may increase the risk or discomfort to participants, and/or any change such 
that the revised procedures do not fall into one or more of the regulatory exemption categories. The 
purpose of review is to determine if the project still meets the federal criteria for exemption.   
 
• All changes to key personnel must receive prior approval.    
 
Institutional Review Board 
Office for Responsible Research 
Vice President for Research  
2420 Lincoln Way, Suite 202 
Ames, Iowa 50014 
515 294-4566 
 
 
FAX 515-294-4267  
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• Promptly inform the IRB of any addition of or change in federal funding for this study.  Approval of 
the protocol referenced above applies only to funding sources that are specifically identified in the 
corresponding IRB application.  
 
Detailed information about requirements for submitting modifications for exempt research can be 
found on our website.  For modifications that require prior approval, an amendment to the most 
recent IRB application must be submitted in IRBManager.  A determination of exemption or approval 
from the IRB must be granted before implementing the proposed changes. 
 
Non-exempt research is subject to many regulatory requirements that must be addressed prior to 
implementation of the study.   Conducting non-exempt research without IRB review and approval may 
constitute non-compliance with federal regulations and/or academic misconduct according to ISU 
policy. 
 
Additionally: 
 
• All research involving human participants must be submitted for IRB review. Only the IRB or its 
designees may make the determination of exemption, even if you conduct a study in the future that is 
exactly like this study. 
 
• Please inform the IRB if the Principal Investigator and/or Supervising Investigator end their role or 
involvement with the project with sufficient time to allow an alternate PI/Supervising Investigator to 
assume oversight responsibility.  Projects must have an eligible PI to remain open. 
 
• Immediately inform the IRB of (1) all serious and/or unexpected adverse experiences involving risks 
to subjects or others; and (2) any other unanticipated problems involving risks to subjects or others. 
 
•  Approval from other entities may also be needed.  For example, access to data from private records 
(e.g., student, medical, or employment records, etc.) that are protected by FERPA, HIPAA or other 
confidentiality policies requires permission from the holders of those records.  Similarly, for research 
conducted in institutions other than ISU (e.g., schools, other colleges or universities, medical facilities, 
companies, etc.), investigators must obtain permission from the institution(s) as required by their 
policies.  An IRB determination of exemption in no way implies or guarantees that permission from 
these other entities will be granted. 
 
• Your research study may be subject to post-approval monitoring by Iowa State University’s Office for 
Responsible Research.  In some cases, it may also be subject to formal audit or inspection by federal 
agencies and study sponsors. 
 
• Upon completion of the project, transfer of IRB oversight to another IRB, or departure of the PI and/or 
Supervising Investigator, please initiate a Project Closure in IRBManager to officially close the project.  
For information on instances when a study may be closed, please refer to the IRB Study Closure Policy.     
 
Please don’t hesitate to contact us if you have questions or concerns at 515-294-4566 or IRB@iastate.edu.  
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APPENDIX B: SEVENTH GRADE SCIENCE STANDARDS AND GRADE LEVEL 
EXPECATION DESCRIPTORS 
Name of Standard Grade Level Expectation (3.0) 
Argumentative 
Writing 
Write grade-appropriate arguments to support claims with clear reasons 
and relevant evidence. 
Introduce claims, acknowledge alternate or opposing claims, and 
organize the reasons and evidence logically 
Support claims with logical reasoning and relevant evidence, using 
accurate, credible sources and demonstrating an 
understanding of the topic or text 
Use words, phrases, and clauses to create cohesion and clarify the 
relationships among claims, reasons, and evidence 
Establish and maintain a formal style 
Provide a concluding statement or section that follows from and 
supports the argument presented 
Characteristics of 
Life 
Create an argument based on evidence to classify objects as living or 
non-living 
Describe with examples the characteristics of life (have cells, DNA, 
reproduce, grow and develop, sense and respond 
to the environment, use energy) 
Analyze mechanisms of homeostasis and describe how they maintain a 
stable internal environment 
Chemical Reactions  Predict how substances will react other substances to form new 
substances with different properties. 
Defend the following claim with evidence: During physical changes and 
chemical reactions, atoms do not appear, 
disappear or change their identities 
Create a model to illustrate that atoms may bond by giving, taking or 
sharing electrons with each other. 
Represent that chemical reactions occur when the bonding arrangement 
among atoms changes, resulting in the change 
of reactant substances into products 
Classification of 
Living Things 
Predict how substances will react other substances to form new 
substances with different properties. 
Defend the following claim with evidence: During physical changes and 
chemical reactions, atoms do not appear, 
disappear or change their identities 
Create a model to illustrate that atoms may bond by giving, taking or 
sharing electrons with each other. 
Represent that chemical reactions occur when the bonding arrangement 
among atoms changes, resulting in the change 
of reactant substances into products 
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Environmental 
Issues and Human 
Impacts 
Create a claim based on evidence that addresses the impact of 
industrialization and human population growth on the 
environment 
Develop steps individuals can take to lessen their negative impact on the 
environment 
Evaluate scientific evidence surrounding global climate change 
History of the Earth  Interpret what has occurred in Earth’s past by analyzing the Earth 
process we see today. 
Use fossil evidence to create an explanation about how life and 
environmental conditions on Earth have changed over 
time 
Judge the validity of the fossil record as a (incomplete) record of life on 
Earth 
Analyze the evidence supporting major extinction events interpret their 
possible causes 
Interdependent 
Relationships in 
Ecosystems 
Analyze and interpret data to provide evidence for the effects of resource 
availability on organisms and populations of organisms in an ecosystem. 
Develop a model to describe the cycling of matter and flow of energy 
among living and nonliving parts of an ecosystem. 
Use ideas from food chain and food web to support why biodiversity is 
an important factor in any ecosystem 
Describe patterns of interactions among organisms across multiple 
ecosystems (predatory and mutually beneficial relationships) 
Natural Selection 
and Adaptations  
Create an explanation based on evidence for how species acquire many 
of their unique characteristics through biological adaptation which 
involves the selection of naturally occurring variations in populations 
Compare and contrast types of biological adaptations that that enhance 
survival and reproductive success in a particular environment. (include 
changes in structures, behaviors, and physiology) 
Periodic Table and 
Atomic Structure 
Examine similarities and differences between substances placed in 
groups on the Periodic Table  
Interpret the periodic table to create a diagram of the structure of an 
atom  
Predict whether an element will bond with another element based on its 
group’s characteristics  
Scientific 
Investigative Skills 
 
Create a testable question and formulate a related hypothesis 
(questioning) 
Design and conduct an investigative experiment (experimental design) 
Collect relevant data from an experiment and make supported 
conclusions based on that data set (data analysis and conclusions) 
Communicate scientific findings (scientific communication) 
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Scientific 
Investigative Skills  
Conduct an experiment to test a question, identifying independent and 
dependent variables 
Represent data graphically 
Effectively communicate scientific information   
Scientific Tool Use 
and Measurement  
Convert between units within the metric system and standard system 
Appropriately use each tool to gather scientific data 
Structure of and 
Processes that 
Change the Earth 
Analyze and interpret the movement of tectonic plates and the resulting 
geological events 
Explain how land is created as the result of a combination of 
constructive and destructive forces, such as volcanic eruptions, 
deposition of sediment, weathering and erosion 
Create a model of the rock cycle and describe how different rocks form 
Structure, Function, 
and Processes of 
Plants 
Construct a scientific explanation based on evidence for the role of 
photosynthesis and the cycling of matter and flow of energy in and out 
of organisms  
Categorize basic plant structures and their function in growth and 
reproduction 
Illustrate the inputs and outputs of photosynthesis that supports growth 
and transforms energy 
 
 
